Introduction
============

In spite of high success rate in saving teeth by endodontic therapy, conventional endodontic treatment is not always successful.[@B1] Endodontic surgery is performed to resolve periapical inflammations that cannot be favorably treated by conventional endodontic procedures.[@B2] Currently, mineral trioxide aggregate (MTA) cement has been most widely used as root end filling material in apical surgery.[@B3] However, some researchers have offered negative opinions as to whether MTA is really superior to other materials in physical properties. MTA is not easy to handle, and it takes a very long time to set.[@B4],[@B5] An ideal root-end filling should have good biocompatibility, apical sealability, easy handling properties, and long-term clinical success.[@B6] Unfortunately, there is no ideal material which fulfills all of these properties.

Recently, a novel resin based root-end filling material (termed New resin cement, NRC) has been introduced and the physical properties and cytotoxicity were investigated.[@B7] Compare to MTA which is a mixture of bismuth oxide and contains trace amounts of SiO~2~, CaO, MgO, K~2~SO~4~, and Na~2~SO~4~, NRC is composed of HEMA-based resin matrix and inorganic powders as fillers.[@B8] It contains bioactive powders such as calcium oxide and calcium silicate, triphenylbismuth carbonate as opacifier. Organic resin matrix of this cement is composed of 2-hydroxyethylmethacrylate (HEMA) as a resin monomer, benzoyl peroxide as an initiator, toluidine and toluenesulfinate as catalyst and accelerator.[@B7] The probable polymerization reaction of NRC is shown at [Figure 1](#F1){ref-type="fig"}.

According to the results of previous study as to the setting time, compressive strength, pH and cytotoxicity of NRC, it has the possibility to be a suitable root-end filling material. However, there are a few studies until now about this material. The aim of this study was to compare the rat subcutaneous tissue response to NRC and MTA cement and to investigate the tissue toxicity of both materials.

Materials and Methods
=====================

The animal experimental protocol was approved by the Animal Research Committee of Asan Medical Center (2009-14-163, Seoul, Korea), and all ethical criteria contained in Helsinky declaration were followed. NRC samples were prepared following the method previously mentioned in 2009 by Kim et al.[@B7] In brief, the powder component of NRC was mixed with liquid prepared from mixture A and B. Mixture A contains HEMA and benzyl peroxide, and mixture B consists of HEMA, toluidine, and toluenesulfinate. A total of 0.6 g powder was mixed with 150 µL mixture A and mixture B on a glass plate using a metal spatula. Specimens of white MTA cement (Dentsply, Tulsa, OK, USA) were prepared according to the manufacturer\'s instructions and used as a control groups.

Sixty male Sprague-Dawley rats, 8 weeks old, 230 - 280 g weighed, were housed in metal cage at a constant temperature of 24℃ with commercial rat chow available ad libitum. Anesthesia of the rat was obtained using combination of Zoletil (40 mg/kg IM, Virbac, Carros, France), Xylazine hydrochloride (10 mg/kg, Bayer korea co., Seoul, Korea) and 2% Xylocaine (Including 1/100000 epinephrine, Astra, MA, USA). Sixty polyethylene tubes with 5 mm internal diameter, 5.6 mm external diameter and 8 mm length were filled with test materials. For moist curing the samples were then placed in a heating chamber for 24 hours at 37℃ and 100% relative humidity. Each rat received two implants in dorsal subcutaneous regions; white MTA and NRC specimens. Twenty rats were sacrificed respectively at 7 days, and 4 and 8weeks after implantation. They were sacrificed by CO~2~-euthanasiabital device, and then implant areas were carefully excised and fixed in formaldehyde.

Block biopsies around implant were sectioned in 5 mm width with sharp knives and dehydrated in alcohol, embedded in paraffin, serially sectioned to 5 µm thickness and stained with Hematoxylin-Eosin (H-E) or von-Kossa staining. Tissue preparations were histologically evaluated under light microscope (Olympus DP-70, Tokyo, Japan).

The type of tissue adjacent to the implanted materials, the extent of inflammation, predominant cell types in tissue, calcification and fibrous connective tissue formation or not next to each implant were evaluated by two examiners who were unaware of the type of implanted materials in the tissues. The H-E stained histological sections were scored as follows according to previous studies.[@B9]-[@B11] Grade zero presented none or few inflammatory cells and no reaction, and grade 1 meant less than 25 cells mild reaction and grade 2 showed 25 - 125 cells and moderate reaction in tissues. Also, grade 3 determined more than 125 cells and severe reaction in microscopic examination. To grade the inflammatory reaction, five high-power magnification fields were scanned from all slides. Thus the cell number was counted within a grid per high-power fields as described by Morse et al.[@B12] Necrosis and calcification were recorded as present or absent. Data were statistically analyzed with paired *t*-test. The level of significance for the overall differences is set at *p* \< 0.05.

Results
=======

Histologic findings
-------------------

At seven days, most of NRC and MTA groups showed severe inflammatory reaction. The heavily inflammed tissues were composed of many infiltrated inflammatory cells such as lymphocytes, macrophages and plasma cells ([Figures 2a, 2b](#F2){ref-type="fig"}, [3](#F3){ref-type="fig"}, and [4](#F4){ref-type="fig"}). They showed large areas of tissue necrosis. However, the severe reactions decreased with time in specimens of both group. At 4 weeks, some healed lesions were observed, but granulation tissue and inflammatory area were remained in most of histologic specimens ([Figures 2c, 2d](#F2){ref-type="fig"}, [5](#F5){ref-type="fig"}, and [6](#F6){ref-type="fig"}). Remnants of test implant were surrounded by fibrous tissue.

At 8 weeks, MTA group showed mild inflammatory reactions, while NRC group presented moderate reaction with chronic inflammatory cells remained around the particles of the material ([Figures 2e, 2f](#F2){ref-type="fig"}, [7](#F7){ref-type="fig"}, and [8](#F8){ref-type="fig"}). In 8 weeks specimens with von-Kossa staining, more mineralization spots were observed in NRC than MTA group ([Figure 9](#F9){ref-type="fig"}). Sometimes, remnants of test implant surrounded by fibrous tissue and dystrophic calcium particles in macrophages and vessels were observed ([Figures 10](#F10){ref-type="fig"} and [11](#F11){ref-type="fig"}).

Inflammatory scores
-------------------

The inflammatory scores of each material and time are presented in [Table 1](#T1){ref-type="table"}. Statistical analysis of the data was done with the paired *t*-test. The level of significance for the overall differences was set at *p* \< 0.05. There were no statistically significant differences of scores between MTA and NRC group at 1st week. Both showed severe inflammatory reaction. However, there were significant differences between MTA and NRC in 4 and 8 weeks groups. MTA group showed moderate inflammatory reaction, while NRC group showed severe reaction at 4 weeks. At 8 weeks, MTA showed mild inflammatory reaction while NRC presented moderate reaction.

Discussion
==========

Biocompatibility of endodontic materials is characterized by many parameters such as genotoxicity, mutagenicity, cytotoxicity, and histocompatibility. It is generally accepted that subcutaneous implantation study using small animal models is suitable to assess the effects of biomaterials preliminarily.[@B12] Since the introduction by Torneck in 1966, the efficacy of this method was revised and substantiated by Olsson et al.[@B13],[@B14] and this has been one of the most common and appropriate methods to evaluate dental materials.[@B15] According to Olsson et al., the placement of an experimental material in a polyethylene tube before implantation prevents the diffusion of the material into the connective tissue, which simulates the situation in the root canal.[@B14] However, due to small areas of recipient site, negative control groups could not be determined. Despite of the absence of negative control groups, many studies have been reported the difference between empty polyethylene tube and MTA filled tube.[@B15]-[@B17] Due to the difficulties of handling both materials and small sizes of recipient site, we had implanted the two polyethylene tubes. Recently, a trend towards orthograde filling of MTA in whole root canals might influence on our experimental design.[@B18]-[@B20] We expected that a large amount of MTA fillings might induce exaggerated the tissue reaction.

The rat subcutaneous tissue responses to implantation of MTA were consistent with the results of previous investigations, and the responses to NRC also showed similar degree and tendency although the inflammatory scores were not as good as MTA.[@B16] However, it was somewhat different result from the previous study, which demonstrated less cytotoxicity of NRC than MTA as evaluated MTT assay.[@B7] It is suggestive that direct comparison between other studies may be limited because of different study designs. The dimethyl-thiazol-diphenyltetrazolium bromide (MTT) assay in previous study was *in vitro* study using MC3T3-E1 cells, whereas in this study, rat subcutaneous tissue reactions with different stimulation time were histologically evaluated.

All specimens in the present study showed less severe inflammation at longer time intervals (4 and 8 weeks) compared to one week significantly. Tissue necrosis observed in one week and 4 weeks specimen could not be found in 8 weeks specimen. Because later harmful effects of a material are considered to be more important than its initial effects, the gradual decrease of inflammation score and tissue necrosis with the lapse of time is indicative of promising properties as a root end filling material.[@B10] Both MTA and NRC are strong alkaline substances, which have a pH of approximately 12.5.[@B7] In early period, the strong alkalinity may influence the tissue toxicity. However, the high pH may also means to stimulate mineralization via calcium and hydroxyl ion release and activation of alkaline phosphatase, which plays an important role in hard tissue formation.[@B21] This was proved by the histologic findings of responses to both materials at 8 weeks, which showed calcified materials and dystrophic calcium particles with von-Kossa staining.

It was reported that MTA has the ability to encourage hard-tissue deposition particularly cementogenesis.[@B11],[@B17] Also Asgary et al. reported that MTA release sufficient calcium ions which can react with environmental phosphate and produce hydroxyapatite.[@B22] And cementogenic or dentinogenic activity of MTA may be due to this physicchemical reaction. Calcium is a well-known regulator of transcriptional gene expression in osteoblasts, and many cellular responses to calcium signals are modulated by calcium/calmodulin dependent enzymes, although the role of calcium in cementoblastic differentiation is not known.[@B23] Paula-Silva et al. reported that calcium hydroxide increases in extracellular calcium levels induced cementoblastic differentiation of PDL cells.[@B24]

Von-Kossa staining is for demonstrating deposits of calcium or calcium salt so it is not specific for the calcium ion itself. In this staining, tissue sections are treated with a silver nitrate solution and the silver is deposited by replacing the calcium reduced by the strong light, and thereby visualized as metallic silver.[@B25] The von-Kossa staining results of MTA in this study agreed with the result reported by Holland et al., and the von-Kossa positive tissue structures were more evident with NRC than MTA.[@B26] We may assume that this result has some relation to the manner of release of calcium ions from these materials. From the results of this study, NRC demonstrated promising result as a calcium reservoir material. Further studies about the other behaviors and mechanisms of action of this material will be necessary.

Conclusions
===========

Within the limitations of this study, it is concluded that NRC showed moderately higher inflammatory reaction than MTA. However, the calcium reservoir capability of NRC may contribute to mineralization of the tissues. Further studies are necessary to better analyze the behavior of NRC.
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![The polymerization reaction formula of New resin cement (NRC).](rde-37-194-g001){#F1}

![Representative histologic characteristics of each group. (a) 1 week MTA; (b) 1 week NRC; (c) 4 weeks MTA; (d) 4 weeks NRC; (e) 8 weeks MTA; (f) 8 weeks NRC. Black arrow shows area of inflammatory reaction (H-E, ×40). MTA, mineral trioxide aggregate; NRC, new resin cement.](rde-37-194-g002){#F2}

![The histologic specimen of 1 week MTA (H-E, ×200). Black arrow shows inflammatory cells. MTA, mineral trioxide aggregate.](rde-37-194-g003){#F3}

![The histologic specimen of 1 week NRC (H-E, ×200). There are many inflammatory cells on the border of the material (Black arrow). NRC, new resin cement.](rde-37-194-g004){#F4}

![The histologic specimen of 4 weeks MTA (H-E, ×200). Calcified materials are encapsulated and surrounded by inflammatory cells (Black arrow). MTA, mineral trioxide aggregate.](rde-37-194-g005){#F5}

![The histologic specimen of 4 weeks NRC (H-E, ×200). Calcified materials are surrounded by inflammatory cells (Black arrow). NRC, new resin cement.](rde-37-194-g006){#F6}

![The histologic specimen of 8 weeks MTA (H-E, ×200). Calcified particles are surrounded with chronic inflammatory cells (Black arrow). MTA, mineral trioxide aggregate.](rde-37-194-g007){#F7}

![The histologic specimen of 8 weeks NRC (H-E, ×200). There are some inflammatory cells under the materials (Black arrow). NRC, new resin cement.](rde-37-194-g008){#F8}

![Histologic specimen of (a) 1 week MTA; (b) 1 week NRC; (c) 4 weeks MTA; (d) 4 weeks NRC; (e) 8 weeks MTA; (f) 8 weeks NRC. Black arrow shows calcified materials (von-Kossa, ×40). MTA, mineral trioxide aggregate; NRC, new resin cement.](rde-37-194-g009){#F9}

![Dystrophic calcium particles in blood vessels (8 weeks MTA, von-Kossa, ×100). MTA, mineral trioxide aggregate.](rde-37-194-g010){#F10}

![Dystrophic calcium particles in blood vessels and macrophages (8 weeks NRC, von-Kossa, ×200). NRC, new resin cement.](rde-37-194-g011){#F11}
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Percentage of samples in each group categorized according to the inflammatory score and presence of necrosis
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MTA, mineral trioxide aggregate; NRC, new resin cement.
